Abstract. This paper provides a list of intracellular isozyme systems of Trichaptum abietinum (J. Dicks.) Ryvarden (Basidiomycetes) that can be used for population studies. Population structure of the fungus within the Carpathian National Nature Park (CNNP) was established. Percent of polymorphic loci in general was 83.3%. Groups of rare alleles were assigned Sod 88 , Sod
Introduction
Wood for mushrooms is an unlimited source of carbon in their lifecycle. Generally, due to powerful fungal enzyme systems, the type of wood is not highly specific and fungi can develop on different substrates (Boddy et al. 2008) . Saprotrophic Basidiomycota is able to break down plant litter and wood more rapidly than other fungi (Baldrian 2008; Osono & Takeda 2006) . Advanced enzyme systems of mushrooms can be used for biotechnological purposes and in population studies.
Defining the genetic structure of populations is a logical first step in studies of fungal population genetics because the genetic structure of a population reflects its potential to evolve (Hogberg et al. 1999) . These issues can be solved using DNA technologies or such enzyme systems as genetic markers (Shnyreva et al. 2004; Mondini et al. 2009; Mishra et al. 2010) . So, the analysis of molecular variance suggested that native strains of the Pleurotus species in Kenya are genetically more diverse than their exotic counterparts cultivated there now (Otieno et al. 2015) . Genetic analyses of European and Japanese indoor populations showed that Serpula lacrymans fungus spreads mainly sexually via basidiospores and significant genetic differentiation was detected among European populations of Heterobasi dion annosum (Fr.) Bref. (Stenlid et al. 1994; Engh et al. 2010) .
Co-dominant markers are, therefore, ideal for analyzing genotypic data of dikaryotic fungi. Isozymes remain a potent genetic marker in fungi that possess sufficient variation at allozyme loci (Siddiquee et al. 2007; Boiko 2015; Eichlerova et al. 2015) because it provides a fairly rapid and inexpensive alternative tool for the identification of some fungi species and for taxonomic studies (Bonde et al. 1993; Bragaloni et al. 1997; Annesi et al. 2003; Siddiquee et al. 2010) .
One of the common species of fungi that colonize coniferous wood is Trichaptum abietinum (J. Dicks.) Ryvarden (Gorova 1980; Grand et al. 2009) . T. abieti num is the most frequently observed white rot species, particularly in sapwood. Mycelium of T. abietinum colonizes from log surfaces and occupies large volumes of sapwood of Picea abies trees (Ovaskainen et al. 2013) . However, widespread fungus does not indicate a deep knowledge of its biochemistry, genetics and ecology. Until now, there have only been a few publications of its genetic characteristics and possibilities of application (Jasalavich et al. 2000; Kauserud et al. 2003a; Zjawiony 2004; Udu-Ibiam et al. 2014 ). There are very few studies aiming at determining the population structure of the T. abietinum fungus and they are mostly related to Northern parts of the globe (Kauserud et al. 2003a (Kauserud et al. , 2003b Grand et al. 2009; Runnel et al. 2015) . In this regard, the territory of Ukraine remains unexplored.
The purpose of this article was to analyze the population structure of T. abietinum located within boundaries of the Carpathian National Nature Park (CNNP).
Material and methods
The research was performed on dikaryotic T. abie tinum cultures, isolated from basidiocarps growing on fir in the CNNP (Ivano-Frankivsk region of Ukraine). Isolation of pure dikaryotic cultures was performed according to generally accepted methods (Bilay 1982) . Briefly, precleaned basidiocarp was cut into pieces 3×3 mm, and transferred by a sterile mycological hook to 8% H 2 O 2 solution for 1-2 min. The H 2 O 2 -treated fragment was placed in a tube with potato agar, and, after the appearance of pure mycelium, re-inoculated on pure culture media. Isolates were cultured on a glucose-peptone liquid medium that was poured into 50 ml Erlenmeyer flasks of 250 ml capacity. The initial pH of the nutrient medium was 5.0. Cultivation occurred from 15-18 days.
The production of monokaryotiс cultures was performed by the spore prints method. The purity of the spores and their affiliation to monosporous cultures was controlled by microscopy. Total number of dikaryotic and monokaryotic cultures was sixteen and eighty four, respectively.
The mycelium was washed and dried by vacuum filtration, then homogenized in a Tris-citrate buffer system with subsequent filtration. The amount of total protein added into each well ranged from 40 to 60 μg. Electrophoretic separation of intracellular proteins was performed in 7.5% polyacrylamide gel using a Trisglycine buffer system (pH 8.3) (Hames 1998). Histochemical detection of activity zones was performed for the following enzyme systems: glutamate oxaloacetate transaminase (GOT, EC 2.6.1.1), esterase (EST, EC 3.1.1.1), acid phosphatase (ACP, EC 3.1.3.2), sorbitol dehydrogenase (SDH, EC 1.1.1.14), and superoxide dismutase (SOD, EC 1.15.1.1) (Manchenko 2003) .
Genetic diversity of populations was characterized by the following indicators: polymorphic loci (P), the average number of alleles per locus (A), effective number of alleles (A E ), the number of alleles per polymorphic loci (Ap), Shannon diversity index (I), observed and expected average genetic heterozygosity per locus (H o and H e ) and Wright's fixation index (Nei 1978) . Data were analyzed using POPGENE 32 computer-based software (Yeh et al. 1999) .
Results
For the calculation of T. abietinum population genetic diversity in the CNNP, six isozyme loci were detected in five studied enzyme systems. The analysis of intracellular superoxide dismutase in monokaryotic cultures revealed three loci specific to T. abietinum representatives (Fig. 1) .
Generally, five enzyme systems were used in the experiment. Twelve allelic variants controlled by sixenzyme gene loci were established. A complete list of enzyme systems, their control and electrophoretic mobility are presented in Table 1 .
Data analysis revealed that the number of polymorphic loci amounted to 83.3%. Locus Sdh2, which was observed in 100% of studied T. abietinum cultures, Fig. 2) . Genetic diversity indicators of the T. abietinum population in the Carpathian NNP are presented in Table  2 . In general, loci of the studied enzyme systems were not distinguished by the number of alleles and had an average of two alleles per locus (2.2 per polymorphic loci). 
Discussion
Experiments failed to establish a high level of polymorphism for the Schizophyllum commune fungus: five alleles per locus, on average (James et al. 1999) , while for the Trichoderma harzianum fungus, this value did not exceed 1.57 (Siddiquee et al. 2010) . The polymorphism value depends strongly on the used set of isozymes. Monomorphic loci greatly reduce this index, but on the other hand, can serve as species molecular markers (Annesi et al. 2003; Boiko 2015) . More informative measure is the mean number of alleles per polymorphic locus because Ap is independent of the proportion of polymorphic loci (Berg et al. 1997) . The number of alleles per polymorphic loci was 2.2 for our set of isozymes (Table 2) . It is well known that the effective number of alleles maintained in a population is defined as the inverse of the homozygosity. As it can be seen, the effective number of alleles, generally, is below the average and is inherent to many ecosystems (Huang et al. 1998; Shnyreva et al. 2004; Xin Qian et al. 2013) . On average, within population the effective number of alleles per locus is 1.27.
Shannon index of genetic diversity was the highest for Acp and Sod loci, and these values were 0.5983 and 0.5091, respectively. The high Shannon index was also indirectly confirmed by high values of the effective allele number. The average heterozygosity indicating, which part of the population consisted of individuals that were heterozygous by studied markers had maximum values for the Acp locus. This demonstrated the important role of this locus in T. abietinum genetic diversity.
The investigated quantitative status of heterozygotes in the T. abietinum population made it possible to answer the question whether the population was in equilibrium state or not, according to the Hardy-Weinberg law. The impact of environmental factors can lead to significant changes in species genotype and, in extreme cases, can cause elimination of certain genes. According to the data, the average observed heterozygotes (0.2143) was almost equal to the expected heterozygote value (0.2106), and this is evidence that the Hardy-Weinberg equation for the studied population was performed. Thus, the population of T. abietinum in the Carpathian NNP was in equilibrium state. Performance of panmictic conditions in this species was observed due to high outcrossing and abundance of T. abietinum in this region. Fennoscandian geographic populations of T. abietinum also satisfied Hardy-Weinberg conditions (Kauserud & Schumacher 2003b) .
Negative Wright's fixation index indicated a small excess of heterozygous genotypes for Got, Est, and Sdh1 loci, and domination of Acp (Table 4) . This indicated an important role of the sexual process in the development of the T. abietinum population.
It is worth emphasizing a significant advantage of the homozygous state of the Sod locus. It is difficult to explain such "contrasting" indicators. Increasing the number of natural materials and expanding research area will probably answer this question in future.
Conclusions
The obtained data made it possible to determine that T. abietinum population in the Carpathian National Nature Park was in equilibrium state. The proposed enzyme systems are indicative and informative features to be used in population studies of the fungus. Polymorphic loci, as a whole, reached 83.3%, and Sod 88 , Sod 138 , Sdh1 91 , and Est 111 were included in the group of rare alleles. The obtained Wright's fixation index allowed establishing prepotency of heterozygotes in the Acp locus and homozygotes -in the Sod locus of T. abieti num populations in the Carpathian NNP. An important role of the sexual process in the development of the T. abietinum population was established.
